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1
WING STRUCTURE AND FAIRING DEVICE

TECHNICAL FIELD

The present invention relates to a wing structure and a
fairing device.

BACKGROUND ART

Hitherto, there have been flying objects that employ wing
structure technology that makes use of the Coanda effect for
increasing lift force (for example, see Patent Literature 1). A
moving object described in Patent Literature 1 includes: a
fluid supply portion which supplies fluid; a lift force gener-
ating portion which has an outer surface inclined downward
with respect to the fluid flow direction, and obtains a lift force
by changing the fluid flow direction downward; and a fluid
collecting portion which has an opposite surface facing the
outer surface of the lift force generating portion and in which
a gap between the outer surface and the opposite surface on
the upstream side of the fluid flow direction is wider than the
gap between the outer surface and the opposite surface on the
downstream side. In such a moving object, degradation in the
flow speed caused by fluid loss is prevented, and the lift force
is improved.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Unexamined Patent Appli-
cation Publication No. 2009-29400

SUMMARY OF INVENTION
Technical Problem

FIG. 2 is a side view illustrating an existing wing, and is a
diagram illustrating the flow of a fluid around the wing. As
shown in FIG. 2, on the upper surface of the existing wing
101, a expansion flow region B is formed after a contraction
flow region A is formed in the fluid flow direction X. How-
ever, the peripheral fluid may escape without sufficiently
flowing into the contraction flow portion of the wing. As a
result, a sufficient acting force may not be obtained.

It is an object of the invention a wing structure and a fairing
device capable of efficiently compressing a fluid and increas-
ing an acting force.

Solution to Problem

The inventor found that a fluid may be efficiently com-
pressed and an acting force may be increased by installing an
auxiliary wing on a main wing and optimizing the shape or the
arrangement of the auxiliary wing while repeatedly perform-
ing a careful examination for the purpose of solving the
above-described problem. That is, the invention is contrived
from the knowledge that a fluid compression process region
may be formed in the front part of the main wing by using the
auxiliary wing and an acting force may be increased by con-
verting the internal energy of the fluid into kinetic energy or
mechanical energy by the adiabatic expansion after compres-
sion.

A wing structure of the invention includes: a main wing
that extends in a second direction intersecting a first direction
as a fluid flow direction; and an auxiliary wing that is disposed
s0 as to be separated from the main wing and faces the main
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2

wing at the front part side of the main wing, wherein a wing
chord length of the auxiliary wing is shorter than a wing chord
length of the main wing.

The wing structure according to the invention includes the
auxiliary wing which faces the main wing at the front part side
of the main wing, and the wing chord length of the auxiliary
wing is set to be shorter than the wing chord length of the main
wing. In such a wing structure, a fluid contacts the auxiliary
wing formed at the front part side of the main wing, the fluid
is guided between the auxiliary wing and the main wing, and
the fluid is compressed while passing between the auxiliary
wing and the main wing, the fluid compression process region
may be appropriately formed on the surface of the main wing.
Then, since the internal energy of the fluid is converted into
kinetic energy or mechanical energy by the adiabatic expan-
sion after the compression, the acting force may be increased
and the lift force may be effectively improved.

Further, a wing structure of the invention includes: a main
wing that extends in a second direction intersecting a first
direction as a fluid flow direction; and an auxiliary wing that
is disposed so as to be separated from the main wing and faces
the main wing at the front part side of the main wing, wherein
the auxiliary wing includes a first curved surface capable of
forming a fluid compression process region in a gap between
the auxiliary wing and the main wing, and wherein the main
wing includes a second curved surface which is curved to the
opposite side of the auxiliary wing. In such a wing structure,
a fluid contacts the first curved surface of the auxiliary wing
formed at the front part side of the main wing, the fluid is
guided between the auxiliary wing and the main wing, and the
fluid is compressed when passing between the auxiliary wing
and the main wing, thereby appropriately forming the fluid
compression process region on the surface of the main wing
and increasing the acting force. Further, since the main wing
has the second curved surface which is curved to the opposite
side of the auxiliary wing, the expansion flow region may be
formed after the compression process region.

Here, the curvature of the curved surface of the auxiliary
wing facing the main wing may be larger than the curvature of
the curved surface of the main wing formed on the side of the
auxiliary wing. Accordingly, it is possible to realize a function
of further effectively compressing the fluid.

Further, the auxiliary wing may be rotatable about a pre-
determined shaft extending in the second direction. Accord-
ingly, since the rotation angle of the auxiliary wing is adjusted
in accordance with the flow speed of the fluid, the inclination
angle of the auxiliary wing with respect to the fluid flow
direction may be changed. Since the resistance value
increases in the high-speed region, the resistance may be
reduced by adjusting the inclination angle of the auxiliary
wing.

Further, a fairing device thatis provided in a moving object,
the fairing device of the invention including: a main wing that
protrudes in a second direction intersecting a first direction as
the front-rear direction of the moving object; and an auxiliary
wing that is disposed so as to be separated from the main wing
and faces the main wing at the front part side of the main
wing, wherein a wing chord length of the auxiliary wing is
shorter than a wing chord length of the main wing.

In the fairing device, a fluid contacts the auxiliary wing
formed at the front part side of the main wing, the fluid is
guided between the auxiliary wing and the main wing, and the
fluid is compressed when passing between the auxiliary wing
and the main wing, thereby appropriately forming the fluid
compression process region on the surface of the main wing.
Accordingly, since the internal energy of the fluid may be
converted into kinetic energy or mechanical energy by the
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adiabatic expansion in the expansion flow region and the flow
rate thereof may increase with kinetic momentum given to the
peripheral fluid, the acting force of the fairing device
increases even at the low flow speed. Furthermore, the fairing
device may be decreased in size compared to the related art.

In the fairing device, the auxiliary wing may be provided at
both sides of the main wing. Since the auxiliary wing is
provided at both sides of the main wing, the fluid compression
process region may be appropriately formed on both surfaces
of'the main wing, the more internal energy of the fluid may be
converted into kinetic energy or mechanical energy, and the
flow rate may be increased with kinetic momentum given to
the more peripheral gas.

The main wing and the auxiliary wing may be provided in
a side portion of the moving object, and the main wing may
have a shape in which the main wing has a wing thickness in
the vertical direction of the moving object. Since the main
wing and the auxiliary wing are provided in a side portion of
the moving object and the main wing has a shape in which the
main wing has a wing thickness in the vertical direction of the
moving object, the fluid which flows to the side portion of the
moving object may be further taken into the fairing device.
Further, the moving object may be more stably moved.

Further, the main wing and the auxiliary wing may be
provided at the lower side of the moving object, and the main
wing may have a shape in which the main wing has a wing
thickness in the width direction of the moving object. Since
the main wing and the auxiliary wing are provided at the
lower side of the moving object and the main wing has a shape
in which the main wing has a wing thickness in the width
direction of the moving object, the fluid which flows to the
lower side of the moving object may be taken into the fairing
device from both sides of the moving object and the acting
force may be effectively increased.

The auxiliary wing may have a shape in which the auxiliary
wing has a wing thickness in the vertical direction of the
moving object, and a portion in which the wing thickness of
the auxiliary wing becomes maximal may be set at the front
side of a portion in which the wing thickness ofthe main wing
becomes maximal. Since the auxiliary wing has a shape in
which the auxiliary wing has a wing thickness in the vertical
direction ofthe moving object and a portion in which the wing
thickness of the auxiliary wing becomes maximal is set at the
front side of a portion in which the wing thickness of the main
wing becomes maximal, the effect of the compression may be
improved while sufficiently ensuring the fluid which flows
into the expansion flow region.

The auxiliary wing may have a shape in which the auxiliary
wing has a wing thickness in the width direction of the mov-
ing object, and a portion in which the wing thickness of the
auxiliary wing becomes maximal may be set at the front side
of a portion in which the wing thickness of the main wing
becomes maximal. Since the auxiliary wing has a shape in
which the auxiliary wing has a wing thickness in the width
direction ofthe moving object and a portion in which the wing
thickness of the auxiliary wing becomes maximal is set at the
front side of a portion in which the wing thickness of the main
wing becomes maximal, the effect of the compression may be
improved while sufficiently ensuring the fluid which flows
into the expansion flow region.

The height of the auxiliary wing may be larger than a half
of the height of the main wing in a portion in which the wing
thickness of the main wing becomes maximal. When the
height of the auxiliary wing is smaller than a half of the height
of'the main wing in a portion where the wing thickness of the
main wing becomes maximal, the effect of the compression
may be noticeably degrade.
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4

The center of the auxiliary wing in the front-rear direction
of'the moving object may be set at the front side of a portion
in which the wing thickness of the main wing becomes maxi-
mal. Since the center of the auxiliary wing in the front-rear
direction of the moving object is set at the front side of a
portion in which the wing thickness of the main wing
becomes maximal, the center is positioned at the front side of
the boundary point between the contraction flow region and
the expansion flow region, and the effect of the compression
may be improved while sufficiently ensuring the fluid which
flows into the expansion flow region.

The distance and the angle of the auxiliary wing with
respect to the main wing may change depending on the type
and the temperature of the fluid. After the compression, the
ratio contributing to the volume expansion during the adia-
batic expansion and the ratio contributing to an increase in the
temperature are dependent on the type of the fluid molecule or
the temperature of the system (the start temperature) at that
time. Therefore, when the distance and the angle between the
auxiliary wing and the main wing are changed depending on
the type and the temperature of the fluid, the acting force may
be adjusted.

Advantageous Effects of Invention

According to the invention, it is possible to provide a wing
structure and a fairing device capable of efficiently compress-
ing a fluid and increasing an acting force.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating a wing structure
and a flow of a peripheral fluid according to the embodiment
of the invention.

FIG. 2 is a schematic diagram illustrating a wing structure
and a flow of a peripheral fluid of the related art.

FIG. 3 is a side view illustrating a vehicle equipped with a
fairing device according to the embodiment of the invention.

FIG. 4 is a top view illustrating a vehicle equipped with a
fairing device according to the embodiment of the invention.

FIG. 5 is a schematic diagram illustrating a main wing and
an auxiliary wing of the fairing device.

FIG. 6 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device.

FIG. 7 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device.

FIG. 8 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device.

FIG. 9 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device.

FIG. 10 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device.

FIG. 11 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device and a peripheral airflow.

FIG. 12 is a schematic diagram illustrating respective con-
stant-height surfaces and heights of the main wing and the
auxiliary wing.

FIG. 13 is a schematic diagram illustrating a positional
relationship between the respective constant-height surfaces
of the main wing and the auxiliary wing.

FIG. 14 is a schematic diagram illustrating a positional
relationship between the respective constant-height surfaces
of the main wing and the auxiliary wing.

FIG. 15 is a schematic diagram illustrating a positional
relationship between the respective constant-height surfaces
of the main wing and the auxiliary wing.
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FIG. 16 is a schematic diagram illustrating a positional
relationship between a boundary point of the main wing and
a longitudinal center of the auxiliary wing.

FIG. 17(a) illustrates a case where the auxiliary wing is
positioned in rear of the main wing and FIG. 17(4) illustrates
a case where the auxiliary wing is positioned in front of the
main wing.

FIG. 18(a) is a schematic diagram illustrating a fairing
device including a main wing and two auxiliary wings and
FIG. 18(b) is a schematic diagram illustrating a projection
region of the auxiliary wing with respect to the main wing and
the constant-height surfaces of the main wing and the auxil-
iary wing.

FIG. 19 is a schematic diagram illustrating an example of a
width and a height of a projection area when light is projected
to the main wing and the auxiliary wing disposed in the body
surface of the vehicle.

FIG. 20 is a schematic diagram illustrating a distance
between the main wing and the auxiliary wing and the closest
portion.

FIG. 21 is a schematic diagram illustrating a distance and
an angle of the main wing and the auxiliary wing.

FIG. 22 is a schematic diagram illustrating a positional
relationship between a maximal thickness position of the
main wing and the auxiliary wing.

FIG. 23 is a schematic diagram illustrating a positional
relationship between the maximal thickness position of the
main wing and the auxiliary wing.

FIG. 24 is a diagram illustrating an arrangement when the
auxiliary wing is not provided in the experiment of the fairing
device.

FIG. 25 is a diagram illustrating an arrangement when the
auxiliary wing is provided in the contraction flow portion in
the experiment of the fairing device.

FIG. 26 is a diagram illustrating an arrangement when the
auxiliary wing is provided between the contraction flow por-
tion and the expansion flow portion in the experiment of the
fairing device.

FIG. 27 is a diagram illustrating an arrangement when the
auxiliary wing is provided in the expansion flow portion in the
experiment of the fairing device.

FIG. 28 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 29 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 30 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 31 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 32 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 33 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 34 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 35 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 36 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 37 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 38 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 39 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 40 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.
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FIG. 41 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 42 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 43 is a picture illustrating a difference in the flow of
the fluid according to the position of the auxiliary wing.

FIG. 44 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

FIG. 45 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

FIG. 46 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

FIG. 47 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

FIG. 48 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

FIG. 49 is a picture illustrating a difference in the flow with
the flow speed of the fluid.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an exemplary embodiment of the invention
will be described by referring to the drawings. Furthermore,
in the description of the drawings, the same reference numer-
als are given to the same or equivalent components, and the
repetitive description will not be repeated. FIG. 1 is a sche-
matic diagram illustrating a wing structure and a flow of a
peripheral fluid according to the embodiment of the inven-
tion. The fluid is not particularly limited, and may be a gas
such as air and a liquid such as water. In the description below,
the fluid mainly corresponds to a gas (air). A wing structure 1
includes a main wing 2 which extends in the width direction
(second direction) Y of the air frame intersecting the front-
rear direction (first direction) X and an auxiliary wing 3 which
faces the main wing 2 at the front part side of the main wing
2.

The main wing 2 includes a contraction flow forming por-
tion 21 which corresponds to the front part side and a expan-
sion flow forming portion 22 which is formed so as to be
continuous to the rear side of the contraction flow forming
portion. The contraction flow forming portion 21 has a sub-
stantially constant thickness in the advancing direction, and
an upper surface 21a and a lower surface 215 of the contrac-
tion flow forming portion 21 form a surface which is substan-
tially parallel to the advancing direction. In the main wing 2,
for example, a portion of about V3 of the wing chord length is
formed as the contraction flow forming portion 21. Further, a
large camber is not formed in the main wing 2. The expansion
flow forming portion 22 is curved downward as it moves to
the rear side. An upper surface 22a of the expansion flow
forming portion 22 has a gentle curved surface. The wing
thickness of the expansion flow forming portion 22 decreases
toward a rear edge 2b.

The auxiliary wing 3 is disposed so as to be separated from
the main wing 2 in the vertical direction Z on the front part
side of the main wing 2. The width of the auxiliary wing 3 in
the front-rear direction X (the length from the front edge 3a to
the rear edge 3b) is shorter than the width of the main wing 2
in the front-rear direction (the length from the front edge 2a to
the rear edge 2b) and is shorter than the length L of the
contraction flow forming portion 21 in the front-rear direc-
tion. Further, the front edge 3a of the auxiliary wing 3 and the
front edge 2a of the main wing 2 are formed at substantially
the same position in the front-rear direction X. Furthermore,
the front edge 3a of the auxiliary wing 3 may be formed in
front of the front edge 2a of the main wing 2 and may be
formed in rear of the front edge. Further, it is effective that the
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rear edge 36 of the auxiliary wing 3 is formed in front of the
expansion flow forming portion 22 of the main wing 2.

Further, the upper surface 3¢ of the auxiliary wing 3 forms
asurface which is substantially parallel to the front-rear direc-
tion X on the front part side. Then, the upper surface forms a
surface which is curved and inclined downward on the rear
side. On the other hand, the lower surface 35 of the auxiliary
wing 3 forms a surface which is inclined downward and
curved on the front part side, and forms a surface which is
substantially parallel to the front-rear direction X on the rear
part side. The wing thickness of the auxiliary wing 3 is the
largest in the vicinity of the center in the front-rear direction
X. For example, the maximal wing thickness of the auxiliary
wing 3 may be set about twice the wing thickness of the
contraction flow forming portion 21 of the facing main wing
2.

Then, the lower surface 3d of the auxiliary wing 3 serves as
a curved surface which forms a contraction flow region A on
the upper surface side of the main wing 2. The gap between
the upper surface 21a of the contraction flow forming portion
21 ofthe main wing 2 and the lower surface 3d of the auxiliary
wing 3 in the vertical direction Z is narrowed toward the rear
side and then is substantially constant. For example, the gap
between the front edge 3a of the auxiliary wing 3 and the front
edge 2a of the main wing 2 may be about four times the wing
thickness of the contraction flow forming portion 21, and the
gap between the rear edge 34 of the auxiliary wing 3 and the
wing upper surface 21a of the contraction flow forming por-
tion 21 may be about three times the wing thickness of the
contraction flow forming portion 21.

Further, with regard to the curved surface of the lower
surface 3d of the auxiliary wing 3, the inclined surface which
faces the front side is curved so as to form a surface parallel to
the front-rear direction X as it moves to the rear side. Further,
it is desirable that the curvature of the curved surface of the
lower surface 3d of the auxiliary wing 3 is larger than the
curvature of the curved surface of the upper surface 22a of the
expansion flow forming portion 22.

Further, the auxiliary wing 3 includes a rotary shaft 3e,
which extends in the width direction Y of the air frame at the
center of the auxiliary wing 3, and is rotatable about the rotary
shaft 3e. Further, the auxiliary wing 3 may be supported from
the downside and be fixed to the main wing 2. For example,
the auxiliary wing may be supported from the width direction
Y of the air frame and be fixed to the air frame body. Accord-
ingly, when the rotary angle of the auxiliary wing is adjusted
with the flow speed of the fluid, the inclined angle of the
auxiliary wing with respect to the fluid flow direction may be
changed. Since the resistance value increases at a high-speed
region, the resistance may be reduced in a manner such that
the inclined angle of the auxiliary wing is adjusted and the
auxiliary wing is substantially parallel to the main wing.

The airflow around the wing structure 1 will be described.
In the wing structure 1, a contraction flow region A is formed
on the side of the upper surface 21a of the contraction flow
forming portion 21, and a expansion flow region B is formed
on the side of the upper surface 22a of the expansion flow
forming portion 22. Further, a compression process region C
is formed on the front part side of the contraction flow region
A, and a compression-expansion region
(contraction—>expansion transition portion) D is formed on
the rear part side thereof.

In the vicinity of the compression process region C, the
internal energy (temperature) of the fluid increases due to the
compressing. However, the pressure decreases with an
increase in the flow speed (the contraction flow), an expan-
sion in the volume of air is suppressed, and an increase in the
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temperature of air is suppressed. At this time, air adiabatically
expands particularly in the expansion flow region B, so that it
works on the outside (peripheral air) and the flow speed
(momentum) increases together with the peripheral air. At
this time, the working direction is the stream-line direction
since the expansion of air of the wing upper surface 22a is
generated in the stream-line direction. That is, the flow speed
of the wing upper surface 22a of the main wing 2 increases.
This may be checked by an experiment or the like.

A decrease in the temperature of air occurs due to the action
on the peripheral air by the adiabatic expansion in the expan-
sion flow region B. The decrease in the temperature may be
observed by vapor trails (trail) generated at the wing tip due to
a quick turn in a wing car or an airplane rolling rapidly. A
decrease in the temperature does not occur in a gas which
freely expands in a vacuum state, and a decrease in the tem-
perature occurs at the time of work on the outside. Here, the
trail of the wing tip of the wing car or the like occurs by the
condensation of vapor, and the condensation is dependent on
not the pressure but the temperature. Thus, the generation of
the white trail in the wing car or the like may be observes as
a decrease in the temperature, that is, a result of work on the
outside.

Further, it is effective that the position of the rear edge 35
of the auxiliary wing 3 is present up to the front side of the
expansion flow region B. Since the pressure of the main flow
decreases in the expansion flow region B, the peripheral air
attempts to flow thereinto. At this time, a force acts on the
main flow so that a speed decreases toward the peripheral air
flow due to the law of action and reaction. Here, the internal
energy of the main flow is converted into kinetic energy or
mechanical energy. Then, the main flow overcomes the force
acting thereon so that a speed decreases toward the peripheral
air flow due to the converted kinetic energy and mechanical
energy.

Here, when the peripheral air flow flows, the pressure ofthe
air flow which (is bent) flows from the periphery decreases
(adiabatically expands), and the internal energy is converted
into kinetic momentum. Then, due to the kinetic momentum,
the peripheral air flow merges with the main flow, and the
kinetic momentum of the main flow further increases, so that
an acting force increases. In a fluid in which the peripheral air
flow and the main flow merge with each other, when the
flowing direction changes to the downside due to the Coanda
effect in the curved surface (22a) of the main wing 2, a force
as the reaction thereof acts on the wing structure 1, and
becomes at least a part of a lift force. The peripheral air flow
is pulled due to a decrease in the pressure of the main flow, and
the main flow receives kinetic momentum from the peripheral
air. For this reason, since the expansion flow region B has a
function of receiving the peripheral air flow, it is more effec-
tive that the rear edge 35 of the auxiliary wing 3 is formed up
to the front side of the expansion flow region B so as not to
disturb the inflow of the peripheral air flow.

In such a wing structure 1, since the auxiliary wing 3 is
disposed so as to face the main wing 2 on the front part side of
the main wing 2, the air which collides with the auxiliary
wing 3 is pulled between the auxiliary wing 3 and the main
wing 2, and is compressed when passing between the auxil-
iary wing 3 and the main wing 2. Accordingly, the compres-
sion process region C may be formed in the contraction flow
region A. Further, the curved surface 22a which is curved in
the direction opposite to the auxiliary wing 3 is formed on the
rear part side of the main wing 2. Accordingly, due to the
contraction flow (compression flow) at the front part side and
the expansion flow at the rear part side, the compression-
adiabatic expansion is promoted, and the kinetic momentum



US 9,090,346 B2

9

increases. Accordingly, the lift force may be ensured without
increasing the camber of the main wing 2, and a decrease in
the thickness of the main wing 2 may be realized. For this
reason, since the camber of the main wing 2 is not large, there
is an effect that a downward force (a negative lift force) is not
large at the contraction flow portion due to the main wing 2,
the lift force may be improved, and consumption energy in the
power source of the air frame may be suppressed.

Further, since the auxiliary wing 3 forms an inclined sur-
face (a curved surface) which is inclined downward at the gas
inflow side, air contacts the lower surface 3d of the auxiliary
wing 3, so that the auxiliary wing may receive the upward
force F, and improve the lift force.

As described above, in the wing structure according to the
embodiment of the invention, a fluid contacts the auxiliary
wing formed on the front part side of the main wing, the fluid
is guided between the auxiliary wing and the main wing, and
the fluid is compressed when passing between the auxiliary
wing and the main wing. Accordingly, the fluid compression
process region may be appropriately formed on the main wing
surface. Accordingly, the internal energy of the fluid may be
converted into kinetic energy or mechanical energy due to the
adiabatic expansion of the expansion flow region, and the
acting force may be improved.

Next, the fairing device of the invention will be described.
The fairing device of the invention includes a main wing
which is provided in a moving object and protrudes in the
second direction intersecting the first direction corresponding
to the front-rear direction of the moving object and an auxil-
iary wing which is disposed so as to be separated from the
main wing and faces the main wing on the front part side of
the main wing, where the wing chord length of the auxiliary
wing is shorter than the wing chord length of the main wing.

FIG. 3is aside view illustrating a vehicle equipped with the
fairing device according to the embodiment of the invention,
and FIG. 4 is a top view illustrating the vehicle. As shown in
FIGS. 3 and 4, the front side surface and the rear lower surface
of'the vehicle 50 are provided with a fairing device 31 which
includes a main wing 32 and two auxiliary wings 33 having a
wing chord length shorter than that of the main wing 32. Here,
the fairing device 31 of the front side surface is disposed so
that two auxiliary wings 33 are separated from each other in
the vertical direction so as to sandwich the main wing 32 and
are provided at both sides of the front side of the body surface
of the vehicle 50 so as to be bilaterally symmetric to each
other. On the other hand, the fairing device 31 of the rear
lower surface is disposed so that two auxiliary wings 33 are
separated from each other in the horizontal direction so as to
sandwich the main wing 32 and are provided near the center
of'the lower surface of the rear bumper portion of the vehicle
50. In this way, since air is introduced from both sides of the
vehicle 50, it is possible to prevent a problem in which an
inflow of air is restricted when air is extracted in the road
surface direction as in the related art and it is possible to
effectively increase the acting force.

The fairing device 31 introduces a gas which flows to the
side portion or the lower portion of the vehicle 50 and a
peripheral airflow into the fairing device. Then, as in the
above-described wing structure 1, the gas contacts the auxil-
iary wing 33 which is formed on the front part side of the main
wing 32, the gas is guided between the auxiliary wing 33 and
the main wing 32, and the gas is compressed when passing
between the auxiliary wing 33 and the main wing 32, thereby
appropriately forming a gas compression process region in
the front part of the main wing 32. Accordingly, the internal
energy of the gas may be converted into kinetic energy or
mechanical energy by the adiabatic expansion in the expan-
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sion flow region. Further, a low-pressure region 81 is gener-
ated by the adiabatic expansion in the expansion flow region,
a peripheral gas 82 is introduced thereinto, and the flow rate
thereof increases with the given kinetic momentum, thereby
increasing the acting force even at the low flow speed.

FIG. 5 is a schematic diagram illustrating a main wing and
an auxiliary wing of a fairing device, and illustrates them
from the upper surface and the side surface. A main wing 32a
has a wing structure which has a thickness in the transverse
direction (the width direction of the moving object), and two
auxiliary wings 33a are positioned at the front side thereof.
Each auxiliary wing 33a has a plate shape, and the side
surface thereof has a square shape. In this way, when the two
auxiliary wings 33« at the front side are disposed so as to be
separated from each other with the main wing 32q interposed
therebetween, a gas compression process region may be
appropriately formed in the front part of the main wing 32a,
the compression is efficiently performed, the approximately
equivalent effect may be obtained at the same resistance
(dynamic pressure resistance), and the sufficient acting force
may be exhibited even at the low flow speed.

FIGS. 6 to 10 are also schematic diagrams illustrating a
main wing and an auxiliary wing of a fairing device, where
the shape of the main wing or the auxiliary wing is different
from that of FIG. 5. FIG. 6 illustrates a main wing 32z in
which the main wing 32a shown in FIG. 5 is divided into two
pieces. Even in such a shape in which the main wing is
divided into two pieces, since the two auxiliary wings 33q at
the front side are positioned so as to sandwich the two main
wings 32z, a compressing region is appropriately formed in
the contraction flow region between the main wing 32z and
the auxiliary wing 33a. Further, in FIG. 7, the fairing device
includes two main wings 32a. However, even in such a shape,
since the two auxiliary wings 33a at the front side are posi-
tioned so as to sandwich the two main wings 32a, the com-
pression process region is appropriately formed in the con-
traction flow portion.

Further, even in a case where two auxiliary wings 336 are
formed as a plate-shaped wing structure in the transverse
direction (the thickness direction) (FIG. 8), a case where two
auxiliary wings 33c¢ are formed as the same bump shape as
that of the main wing 32a (FIG. 9), or a case where an
auxiliary wing 334 has a shape obtained by dividing the
auxiliary wing 33¢ (FIG. 10), the compression process region
may be appropriately formed in the contraction flow portion
between the main wing and the auxiliary wing. Especially, as
shown in FIG. 9, when the shape of the auxiliary wing 33c¢ is
formed as the same bump shape as that of the main wing 32a,
a gas contacts the curved surface of the auxiliary wing 33c,
the gas is guided between the auxiliary wing 33¢ and the main
wing 32a, and the gas is compressed when passing between
the auxiliary wing 33¢ and the main wing 32a, which is
desirable in that a gas compression process region may be
more appropriately formed on the surface of the main wing
32a.

FIG. 11 is a schematic diagram illustrating a fairing device
and a peripheral airflow. As shown in FIG. 11, an auxiliary
wing 33e is divided at the center thereof. A dividing portion
40 serves as a slit. Since the air which flows to the outside of
the auxiliary wing 33e (the opposite side of the main wing
32a) is introduced between the main wing 324 and the aux-
iliary wing 33e, the amount of a gas which flows into the
expansion flow region may be increased. Further, when the
auxiliary wing 33e is disposed at the further front side, the
amount of a gas which flows into the contraction flow region
may be increased.
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FIG. 12 is a schematic diagram illustrating the respective
constant-height surfaces and the heights of the main wing and
the auxiliary wing. In each constant-height surface of the
main wing 32a, a maximal thickness position 52 which is the
thickest is positioned at the front side in relation to the lon-
gitudinal center 51, and the main wing 324 has a height H.
Further, although the auxiliary wing 33/'has a height h, when
the height h of the auxiliary wing is equal to or smaller than
the half of the height H of the main wing, the compressing
effect may be noticeably degraded. For this reason, it is desir-
able that the height h of the auxiliary wing is equal to or larger
than the height H of the main wing.

FIG. 13 is a schematic diagram illustrating a positional
relationship between the respective constant-height surfaces
of'the main wing and the auxiliary wing. In a constant-height
surface 324, of the lowest main wing and a constant-height
surface 33/, of the lowest auxiliary wing, the longitudinal
center of the auxiliary wing (the center of the moving object
in the front-rear direction) is positioned at the front side in
relation to the maximal thickness position of the main wing.
Further, even in the constant-height surfaces 32a, to 324, of
the main wing and the constant-height surface 33/, to 33/, of
the auxiliary wing, the longitudinal center of the auxiliary
wing is positioned at the front side in relation to the maximal
thickness position of the main wing. In this way, when the
longitudinal center position of the auxiliary wing is present at
the front side in relation to the maximal thickness position of
the main wing in a half or more of the constant-height surface,
the effect of the compression may be improved while suffi-
ciently ensuring the external air which flows into the expan-
sion flow portion. Such a fairing device technically enables a
practical design without causing excessive calculation.

FIGS. 14 and 15 are schematic diagrams illustrating a
positional relationship between the respective constant-
height surfaces of the main wing and the auxiliary wing. As
shown in FIG. 14, when a closest portion 54 in each constant-
height surface of a main wing 325 and an auxiliary wing 33g
is set as a boundary point 53 between the contraction flow
portion A and the expansion flow portion B in the longitudinal
direction of each constant-height surface, when the longitu-
dinal center of the auxiliary wing 33g s positioned at the front
side in relation to the boundary point 53, it is desirable in that
the compression may be improved while sufficiently ensuring
the external air which flows into the expansion flow portion.

In FIG. 15, the longitudinal center position of each of the
constant-height surfaces 33g, to 33g, of the auxiliary wing is
positioned at the front side in relation to the boundary point of
each of the constant-height surfaces 325, to 324, of the main
wing. However, only the longitudinal center position of the
constant-height surface 33g, of the auxiliary wing is posi-
tioned at the rear side in relation to the boundary point of the
constant-height surface 324, of the main wing. In this way,
when the ratio of the constant-height surface in which the
longitudinal center of the auxiliary wing is positioned at the
front side in relation to the boundary point of the main wing
is a half or more, it is desirable in that the effect is obtained in
the entire fairing device.

FIG. 16 is a schematic diagram illustrating a positional
relationship between the boundary point of the main wing and
the longitudinal center of the auxiliary wing. In a side surface
of an auxiliary wing 33% of FIG. 16, a shape is formed in
which the height h of the auxiliary wing 33/ is not uniform in
the longitudinal direction thereof. In this way, even when the
height of the auxiliary wing 33/ is not uniform in the longi-
tudinal direction, it is desirable that the ratio of the constant-
height surface positioned at the front side in relation to the
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boundary point of the main wing 32¢ with respect to the
longitudinal center of each constant-height surface is a half or
more.

FIG.17(a) is a schematic diagram illustrating a case where
the auxiliary wing is positioned at the rear side in relation to
the main wing, and FIG. 17(b) is a schematic diagram illus-
trating a case where the auxiliary wing is positioned at the
front side in relation to the main wing. As shown in FIG.
17(a), when the auxiliary wing 33, (with a thick plate shape
in the transverse direction) is inclined downward in relation to
the main wing 32d, the dynamic pressure may be compara-
tively small. Further, as shown in FIG. 17(b), when the aux-
iliary wing 33, is positioned at the front side in relation to the
main wing 32d, the compression process region of the air
frame may be appropriately formed.

FIG. 18(a) is a schematic diagram illustrating a fairing
device which includes a main wing and two auxiliary wings,
and FIG. 18(b) is a schematic diagram illustrating a projec-
tion area of the auxiliary wing with respect to the main wing
and the constant-height surfaces of the main wing and the
auxiliary wing. As shown in FIG. 18(a), when an auxiliary
wing 33/ faces a main wing 32e which extends up to the
expansion flow portion, it is desirable that the main wing 32¢
and the auxiliary wing 33j overlap each other as much as
possible inthe longitudinal direction. As shown in FIG. 18(5),
when a side surface 33;, of the auxiliary wing 33;, is pro-
jected to the side surface of the main wing 32¢ in the direction
perpendicular to the longitudinal direction, it is desirable that
the projection area S, in the contraction flow portion of the
main wing 32e is larger than the projection area S, in the
expansion flow portion of the main wing 32e in a projection
surface 337;. This is because it is important to reliably trans-
mit the flow of a gas to the expansion flow, that is, the expan-
sion.

FIG. 19 is a schematic diagram illustrating an example of
the width and the height of the projection area when light is
projected to the main wing and the auxiliary wing disposed in
the body surface of the vehicle. FIG. 19 corresponds to a case
where the auxiliary wing 33 is projected by the light source
from the main wing 32, and even in such a projection, the
projection area may be calculated from the projected width
and height.

FIG. 20 is a schematic diagram illustrating a distance
between the main wing and the auxiliary wing and the closest
portion. The distance L. between the transverse center of the
main wing 32d and the auxiliary wing 33/ and the length C
between the maximal thickness position of the main wing 324
and the closest portion 54 of the auxiliary wing 337 are desir-
ably [/C>1.05 when the flow speed (Mach number (Ma)) of
the fluid flowing between the main wing 324 and the auxiliary
wing 33/ is Ma<0.3 and are desirably [/C<1.05 when
Maz=0.3. The Mach number of 0.3 corresponds to a change in
the volume from about 3 to 5%, and the distance L has an
aerodynamic influence. That is, the distance corresponds to a
state where the volume of the fluid may be compressed to an
extent of about 5% or more.

FIG. 21 is a schematic diagram illustrating a distance and
an angle of the main wing and the auxiliary wing. After the
compression, the ratio contributing to the volume expansion
during the adiabatic expansion and the ratio contributing to an
increase in the temperature are dependent on the type of the
fluid molecule or the temperature of the system (the start
temperature). Therefore, it is desirable to change the distance
L or the angle o in accordance with the type of the fluid or the
temperature thereof at that time.

FIGS. 22 and 23 are schematic diagrams illustrating a
positional relationship between the maximal thickness posi-
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tion of the main wing and the auxiliary wing. In FIG. 22, the
constant-height surfaces 33%,, 33%,, and 33k, of the auxiliary
wing are positioned at the front side in relation to the maximal
thickness position of the constant-height surfaces 32¢,, 32e,,
and 32e, of the main wing, and only the constant-height
surface 33%; of the auxiliary wing is positioned at the rear side
in relation to the maximal thickness position of the constant-
height surface 32¢; of the constant-height surface 32¢; of the
main wing. In this way, the ratio satisfying the condition that
the auxiliary wing is positioned at the front side in relation to
the maximal thickness position of the main wing in the con-
stant-height surface is desirably 50% or more and more desir-
ably 75% or more.

In FIG. 23, it is desirable that the protrusion amounts T to
T, of the constant-height surfaces 3345 to 334, of the auxiliary
wing protruding backward from the maximal thickness posi-
tion in the constant-height surfaces 32e, to 32e¢; of the main
wing is 35% or less, that is, 65% or more of the auxiliary wing
is positioned at the front side of the maximal thickness posi-
tion of the main wing 32. In this way, in each constant-height
surface, the ratio satistying a condition that 65% or more of
the auxiliary wing is positioned at the front side of the maxi-
mal thickness position of the main wing 32 is desirably 50%
or more and more desirably 75% or more.

Furthermore, in order to verify the effect of the fairing
device of the invention, an experiment using a small wind
tunnel device is performed. Hereinafter, the experiment
results are shown by using the pictures. Furthermore, in the
present experiment, a main wing is used of which the entire
length is 210 mm, the length from the leading part to the
maximal thickness position is 70 mm, the transverse width
(the thickness) is 60 mm, and the height is 45 mm. Further, the
arrangement when the auxiliary wing is not provided is
shown in FIG. 24, the case where the auxiliary wing is dis-
posed at the contraction flow portion is shown in FIG. 25, the
case where the auxiliary wing is provided between the con-
traction flow portion and the expansion flow portion is shown
in FIG. 26, and the case where the auxiliary wing is provided
in the expansion flow portion is shown in FIG. 27.

FIGS. 28 to 31 are pictures illustrating a difference in the
flow of the fluid according to the position of the auxiliary
wing, where a handheld smoke generator is attached to a
position of 25 mm from a wall and a smoke as a fluid is made
to flow at the wind speed of 20 m/s. In FIG. 28, only the main
wing is provided without the auxiliary wing, and the periph-
eral fluid is slightly attracted toward the main wing in the
expansion flow portion. In FIG. 29, the auxiliary wing is
provided in the contraction flow portion, the peripheral fluid
is attracted from the further outside so as to be attached
toward the main wing in the expansion flow portion. On the
other hand, as shown in FIGS. 30 and 31, as the auxiliary wing
moves closer to the expansion flow portion, the effect of
attracting the peripheral fluid becomes smaller. Especially, as
shown in FIG. 31, when the auxiliary wing is provided in the
expansion flow portion, the attraction of the peripheral fluid
toward the expansion flow portion is reduced.

FIGS. 32 to 35 are pictures illustrating a difference in the
flow of the fluid according to the position of the auxiliary
wing, where a smoke generator using a heating of a heating
wire is attached to a position of 25 mm from a wall and a
smoke as a fluid is made to flow at the wind speed of 20 m/s.
In FIG. 32, since only the main wing is provided without the
auxiliary wing, the peripheral fluid is slightly attracted toward
the main wing. On the other hand, in FIG. 33, since the
auxiliary wing is provided in the contraction flow portion, itis
found that the action of attracting the peripheral fluid is effec-
tive when the escaping of air to the outside of the wing in the
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contraction flow portion is suppressed (the compression
action is promoted) and the inflow of the peripheral fluid in
the expansion flow portion the peripheral fluid is not dis-
turbed. Further, as shown in FIGS. 34 and 35, as the auxiliary
wing becomes closer to the expansion flow portion, the
attracting effect becomes smaller. Especially as shown in
FIG. 35, when the auxiliary wing is provided in the expansion
flow portion, it becomes clear that the attraction of the periph-
eral fluid is degraded. From these, the range with a difference
in the compression is wide when the attraction range is wide,
which is estimated that there is one factor of improving the
traveling safety of the moving object.

FIGS. 36 to 39 are pictures illustrating a difference in the
flow of the fluid according to the position of the auxiliary
wing, where two types of tufts with a height 45 mm and a
height 22 mm were provided and air was made to flow at the
wind speed of 20 m/s. Among these, as shown in FIG. 38,
when the auxiliary wing is provided between the contraction
flow portion and the expansion flow portion, the tufts with a
height of 22 mm have a flow moving close to the expansion
flow portion, but the tufts with a height of' 45 mm have a flow
moving away from the expansion flow portion. It was found
that the flowing direction is different due to a difference in the
height.

FIGS. 40 to 43 are pictures illustrating a difference in the
flow of the fluid according to the position of the auxiliary
wing. The auxiliary wing is disposed in the contraction flow
portion in FIG. 40, but the length of the auxiliary wing
extends toward the expansion flow portion up to 1/3 of the
expansion flow portion in FIG. 41, up to 2/3 of the expansion
flow portion in FIG. 42, and up to 3/3 of the expansion flow
portion in FIG. 43. Then, air is made to flow at the wind speed
ot 20 nv/s. In FIGS. 40 to 43, as apparent from the flow of the
portion enclosed by the frame border near the expansion flow
portion of the main wing, even when the compression in the
contraction flow portion is promoted, if there is a barrier (for
example, the rear half portion of the auxiliary wing) of the
expansion flow portion, the attraction effect near the expan-
sion flow portion of the main wing is reduced. This is esti-
mated that the flow is affected by the pressure of the periph-
eral air and the Coanda effect observed near the surface of the
wing is also affected by not only the viscosity, but also the
peripheral air pressure.

FIGS. 44 to 49 are pictures illustrating a difference in the
flow of the fluid according to the flow rate thereof, where the
auxiliary wing is not provided in FIGS. 44 to 46 and the
auxiliary wing is disposed at the contraction flow portion in
FIGS. 47 to 49. Further, air is made to flow at the wind speed
of 10 m/s in FIGS. 44 and 47, at the wind speed of 20 m/s in
FIGS. 45 and 48, and at the wind speed 30 m/s in FIGS. 46 and
49. When the auxiliary wing is disposed in the contraction
flow portion, it is found that the peripheral air is further
attracted toward the expansion flow portion. Since the com-
pressibility in the contraction flow portion is improved, it is
estimated that the detachment does not easily occur. Further-
more, in a change in the wind speed, no particularly large
difference in the flow is not found.

As described above, in the fairing device according to the
embodiment of the invention, the fluid contacts the auxiliary
wing formed at the front part side of the main wing, the fluid
is guided between the auxiliary wing and the main wing, and
the gas is compressed when passing between the auxiliary
wing and the main wing, thereby appropriately forming the
fluid compression process region on the surface of the main
wing. Accordingly, the internal energy of the fluid may be
converted into kinetic energy or mechanical energy by the
adiabatic expansion of the expansion flow region, and the
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flow rate may be increased with kinetic momentum given to
the peripheral fluid, thereby increasing the acting force of the
fairing device even at the low flow speed. Further, the fairing
device may be decreased in size.

Furthermore, the invention is not limited to the above-
described embodiment. In the embodiment of the wing struc-
ture, a case has been exemplified in which the wing structure
of'the invention is applied to an air plane. However, the wing
structure of the invention may be applied to other flying
objects, for example, other wing structures such as a propeller
or a turbine.

Further, when the wing structure is reversed in the vertical
direction, a downward force may be generated. Thus, the
invention may be applied to a wing or the like of a vehicle
which desires a downward force. Not only in the vertical
direction but also in the direction perpendicular to the front-
rear direction of the main wing, the invention may be applied
when the force in the direction needs to be generated.

For example, when the wing structure of the invention is
applied to a rotating object such as a propeller or a turbine, the
efficiency is improved, and hence the number of rotations
may be reduced. In fields where the strength is not sufficient
at the high-speed rotation, the wing structure of the invention
may be used. Since desired capability may be exhibited even
when the number of rotations is reduced, the durability may
be improved by solving the insufficient strength. Further, for
example, even in other components such as a bearing, the
durability thereof may be improved by decreasing the number
of rotations.

Furthermore, the detachment of the auxiliary wing 3 may
not frequently occur in the laminar flow wing as shown in
FIG. 1. Accordingly, the downward lift force does not easily
occur in the main wing 2.

Further, it is more effective that the main wing 2 has a
positive attack angle as shown in FIG. 1. Further, the main
wing 2 may be a laminar flow wing, form a compression-
adiabatic expansion, and prevent the detachment.

The width of the auxiliary wing 3 in the front-rear direction
X may be shorter than the length of the contraction flow
region A of the main wing 2 in the front-rear direction X.
Since the wing structure 1 includes the auxiliary wing 3 and is
interposed by the main wing 2 and the auxiliary wing 3 in the
vertical direction, the compression efficiency in the wing
structure 1 is higher than that of the existing wing structure
without the auxiliary wing 3. Accordingly, the width of the
auxiliary wing 3 in the front-rear direction may be shortened.

Further, the auxiliary wing 3 is rotatable about a predeter-
mined shaft, but may be fixed. Further, the auxiliary wing 3
may be formed in the entire length of the main wing 2 in the
width direction Y of the air frame or may be formed at a part
thereof. Further, plural auxiliary wings may be provided.

InFIG. 11, the slit is formed by dividing the auxiliary wing
33e. However, for example, the slit may be formed by perfo-
rating a part of the auxiliary wing 33.

In FIG. 14, the auxiliary wing 33g is disposed so as to be
positioned at the rear side of the flow, but may be disposed at
the upstream thereof as it moves from the high portion of each
constant-height surface to the low portion thereof in the clos-
est portion 54.

In FIG. 16, the length of the auxiliary wing 33/ in the
longitudinal direction is shorter than that of the main wing
32¢. However, in the case of a shape in which the height of the
rear part is low as in the auxiliary wing 334, it is difficult to
prevent the external fluid from flowing into the expansion
flow portion of the main wing, and hence the length of the
auxiliary wing in the longitudinal direction may be longer
than that of the main wing.

16
INDUSTRIAL APPLICABILITY

According to the invention, it is possible to provide a wing
structure and a fairing device capable of efficiently compress-
5 ing a fluid and increasing an acting force.

REFERENCE SIGNS LIST

1: wing structure
10 2: main wing (wing structure)
2a: front edge
2b: rear edge
3: auxiliary wing (wing structure)
3a: front edge
15 3b: rear edge
3d: lower surface of auxiliary wing (first curved surface)
21: contraction flow forming portion
22: expansion flow forming portion
22a: wing upper surface of expansion flow forming portion
20 (second curved surface)
31: fairing device
32: main wing (fairing device)
33: auxiliary wing (fairing device)
40: dividing portion (slit)
25 50: vehicle (moving object)
51: longitudinal center
52: maximal thickness position
53: boundary point
54: closest portion
30 A: compression flow region
B: expansion flow region
C: compression process region
D: compression-expansion region
X: front-rear direction (fluid flow direction, first direction)
35 Y: width direction (second direction)
Z: vertical direction

The invention claimed is:

1. A fairing device that is provided in a vehicle, the fairing

40 device comprising:

a main wing that protrudes in a second direction intersect-
ing a first direction as the front-rear direction of the
vehicle, the main wing comprising:

a contraction flow forming portion that corresponds to a

45 front part side of the main wing; and

an expansion flow forming portion that is formed so as to be
continuous with a rear side of the contraction flow form-
ing portion; and

anauxiliary wing that is disposed so as to be separated from

50 the main wing and that faces the main wing at a front part
side of the main wing,

wherein a wing chord length of the auxiliary wing is shorter
than a wing chord length of the main wing,

wherein a gap between a front edge of the auxiliary wing

55 and the main wing is wider than a gap between a rear
edge of the auxiliary wing and the main wing, and

wherein the rear edge of the auxiliary wing is formed in
front of the expansion flow forming portion of the main
wing in the first direction,

60  wherein a curvature of a curved surface of the auxiliary
wing directly facing the main wing is larger than a cur-
vature of a curved surface of the main wing directly
facing the auxiliary wing.

2. The fairing device according to claim 1, wherein the

65 auxiliary wing is provided at both sides of the main wing.

3. The fairing device according to claim 1, wherein the

main wing and the auxiliary wing are provided in a side
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portion of the vehicle and the main wing has a shape in which
the main wing has a wing thickness in the vertical direction of
the vehicle.

4. The fairing device according to claim 1, wherein the
main wing and the auxiliary wing are provided at the lower
side ofthe vehicle, and the main wing has a shape in which the
main wing has a wing thickness in the width direction of the
vehicle.

5. The fairing device according to claim 3, wherein the
auxiliary wing has a shape in which the auxiliary wing has a
wing thickness in the vertical direction of the vehicle wherein
a portion in which the wing thickness of the auxiliary wing
becomes maximal is set at a front side of a portion in an
advancing direction, in which the wing thickness of the main
wing becomes maximal.

6. The fairing device according to claim 4, wherein the
auxiliary wing has a shape in which the auxiliary wing has a
wing thickness in the width direction of the vehicle, and
wherein a portion in which the wing thickness of the auxiliary
wing becomes maximal is set at the front side of a portion in
which the wing thickness of the main wing becomes maxi-
mal.
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7. The fairing device according to claim 1, wherein the
height of the auxiliary wing is larger than a half of the height
of the main wing in a portion in which the wing thickness of
the main wing becomes maximal.

8. The fairing device according to claim 1, wherein the
shapes of the main wing and the auxiliary wing when seen
from a third direction perpendicularly intersecting the first
direction and the second direction are formed as a stream-line
shape.

9. The fairing device according to claim 1, wherein: a ratio
of a distance from a center axis of the main wing in the first
direction to the auxiliary wing with respect to a minimal
distance between the main wing and the auxiliary wing is
greater than 1.05 when a flow speed of a fluid flowing
between the main wing and the auxiliary wing has a Mach
number less than 0.3; and the ratio of the distance from the
center axis of the main wing in the first direction to the
auxiliary wing with respect to the minimal distance between
the main wing and the auxiliary wing is less than or equal to
1.05 when the flow speed of the fluid flowing between the
main wing and the auxiliary wing has a Mach number greater
than or equal to 0.3.



